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COMPLETE SPECIFICATION 
Manufacture of Linear Polyesters 


We, Eastman Kodak Company, a Com- 
pany organized under the Laws of the State 
of New Jersey, United States of America, 
of 343 State Street^ Rochester, New York 
14650, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

This invention relates to the preparation 
of linear polyesters. 

The preparation of polyesters by esterifi- 
cation of ester exchange and condensation is 
well known and described in Specification No. 
578,079. In the case of poly-(ethylene tere- 
phthalate), for example, it is customary to 
react dimethyl terephthalate with a molar 
excess of ethylene glycol to form a low mole- 
cular weight polymer (i.e., prepolymer) and 
by-product methanol. After the methanol is 
nearly completely removed by distillation, the 
reaction temperature is raised and remaining 
ethylene glycol is removed by distillation. The 
reaction is then continued by mamtaining tiic 
temperature of the reaction vessel until a 
polyester of the desired molecular weight is 
obtained. The molecular weight of the pro- 
duct may be high enough that the polyester 
can be used for forming fihns and fibres. 
Such a system, whether batch or continuous. 


is known as a melt polymerization process. In 
accordance with such process, the polymer- 
ization can be continuwi until a polyester is 
obtained or the melt process may be stopped 35 
at some intermediate point to obtain a pre- 
polymer, i.e., a polymer having a molecular 
weight of from about 2,000 to about 10,000 
and having an intrinsic viscosity of about 0.1 
to about 0.45. The Intrinsic Viscosity is 40 
measured at 25^C in a 60:40 mixture by 
weight of phenol and tetrachlorocthane. This ' 
material can be stored and subsequently fur- 
ther polymerized by remelting and continu- 
ation of the melt process or, more advantage- 45 
ously, it may be crystallized, ground and sub- 
jected to solid phase polymerization either 
by batch or continuous processes. 

It is known that the preparation of poly- 
estM^ from a glycol and a dibasic acid is 50 
faohtated by the use of esterification catalysts 
and that polyesterification is a rcversible, 
equilibrium reaction which may be exempUfied 
as follows: 

ROOOR^+R^OH^COOR^+R^OH (1) 55 

wherein, for poly(ethylene terephthalate) for 
example, R represents CHsOOC-phenylene, 

HOCH^CHnOOC-phenylene or 


60 


H(OCH3CH200C-phenylene-CO)xOCH.CH200C-phenylene; 

R^ represents — CH3 or — CH2CH2OH and 
R2 represents HOCHgCHa— or 


H[OCH2CH.OOC-phcnylene-CO]x-OCH8CHy 


The esterification catalysts which may be 
used in the preparation of polyesters, such as 
des cribed abov e, inchide organic and inorganic 
[Pr ] 


compounds of metals such as titanium, 
antunony, zinc, lead, calcium, lithium, com- 
bmations thereof, heretofore used by those 
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skiUed in the art. The prior art, for example, 
discloses a great number of such catalysts, 
some of which are described in patenc sudi 
as U.S. 2,465^19, U.S. 2,720^02 and U.S. 
2 727,881. Specific catalysts heretofore known 
and which are used, include titanium tetra- 


peraiure between 150°C. and the melting pomt 
of tbe particular the polyethylene terq)hthalate 
being treated (preferably at a temperature be- 
tve^ 160°C.^d 210OC). The "oxidizable 
materials" that can be used in the present 
processes are acaaldehydc, ethylene glycol, and 
nmA'mMt^ materials are vola- 
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Sd ;hich ^ used, include titanium tetra- Pf^^^ ^^^^We S^aK vola- 

butoxide or tetraisopropoxide, atamum di- ^^Ji^S *'™''Speratures in the 

ojdde, zinc acetate, zinc acetyl acetonate, lead plf^^^t orfliMiy proc^ « ^rferably largely 

oridS calcium oxide, lidiium ethoxide, ana- inert gas ^^ISi7^^t^^°'IL^^ 

Sy trioxide, antimony hydroxide, antimony ^^^J^^^^,^^^^^ ES^Son 
salts such as antimony sulphate, antimo^ AU«st o Ss^w 

acetate and antimony chlonde, and manganese proc^g^ At kast ^-^'^^^^Yccnt) oi the 

«iotP« «necificallv volatile oxidizable material should be pre- 

The present mvenuon relates specmcaiiy towujc u»» ^ . . 

to thoseVlyesterification Processes that m- ^^^^J^ ,^^S^ig'thlTly«ter during at 

volve the use of an antimony polyestenfication umate conmci J'^^J^ 

catalyst and one or more zinc salts, such as kast » Poraonjtf ^^^^^^^ ^^^^^ 


zinc acetate. . 

While the use of an antimony polyesten- 
fication catalyst is desirable for several reasons 
which are well known to those in the art, 
such use heretofore often resulted m special 


least a poruau ui uic " — - 

polyester is exposed to temperature above 
1500C in order to convert the troublesonie 
metallic antimony to the oxidized state. If 
deisred, up to 5 weight percent or more ot 
the oxidizable material, based on the weight 


such us. l««»t»e,ota M-fted M J^s^ "PJ^Ltion ScSr^B P«!»t 


conditions (for example, due sometimes to tfte 
presence of reducing type stabilizers such as 
the trialkyl phosphites as described m Speci- 
fication No. 770,531) some of the antimony 
catalyst was reduced to metallic antimony, 
which not only caused a generaUy undesu^ble 
;«Yinai-rpH tn the Dolvester 


01 poiyesiciiii*-ttLi"" iwi\,t«**w> — ft • 
in the gas stream, although generaUy, no 
more than 1 weight percent of these materials 
need by utilized in order to attam substanti- 
ally complete conversion of the undesu:ed 
metallic antimony of the oxidized state. 
According to the present invention there 


even resulted in excessive fihn q>ecks and ... , .u..i 

ft... 1 onH/nr rliscolouration when 
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fibre breakage, and/or discolouration when 
the superpolycster product was converted mio 
such end-use materials. Efforts heretofore to 
cure these problems consistently (caused by 
the presence of metallic antimony), for ex- 
ample, by oxidizing the metallic antimony to 
an oxidized state (such as antimony oxide, m 
whidi form the antimony is both colourless 
and soluble in the polyester system) by sunply 
passing oxygen over or through a heated bed 
of polyester material containing the trouble- 
some metallic antimony, were unsuccessful 

It has now been discovered that these 
problems can be solved consistendy, not 
simply by oxidizing die metallic antunony, 
per se; but by the surprising expedient of 
oxidizing a non-antunony bearing matenal 
concurrently with the metallic antimony, 
apparently at the sites of the tiny specks of 
antimony metal in the effected polymeric mat- 
erials. For some presently unexplamable 
reason, the desired oxidation of mctaUic anti- 
mony can apparently only be earned out m 
conjunction with the oxidation of anouier 
component, which odier components prefer- 
ably contains no antimony. Since in the pro- 
cesses which the present invention is concerned 
it is necessary to prevent the effected polymeric 
material from melting, the " oxidizable mat- 
erial" (that is oxidized concurrently with the 
metaUic antimony in the processes of this in- 
vention) must be of the type that can be 
oxidized in the presence of oxygen at a tem- 


(1) reacting together in a metal phase ediyl- 
ene glycol and dimethyl terephthalate, 
in the presence of an antimony catalyst 
and a zinc salt, to form a molten pre- 
polymer having an intrinsic viscosity 
from 0.2 to 0.5; 

(2) adding a reducing stabihzer to the 
molten prepolymer and thereafter cool- 
ing the molten prepolymer to sohdify 

(3) grinding the solidified prepolymer to 
form a particulate solid having a par- 
ticle size less than 600 microns; 

(4) in a solid phase poljrnerization step in- 
creasing the mtrinsic viscosity of the 
polyester by heating the particulate 
solid prepolymer . at a temperature 
greater than ISO^'C but below its melt- 
ing point in the presence of an inert 
gas atmosphere until the intrinsic vis- 
cosity of the polyester is greater than 
0,5, characterised in that, the inert gas 
atmosphere contains at least 0.005 
weight percent of one of the oxidizable 
materials ammonia, acetaldehyde or 
ethylene glycol, and from 1 to 6 volume 
percent of oxygen for at least ten 
minutes and until aU die metalUc anti- 
mony present is converted to an oxidized 
state. 

The oxidizing agent that is used in the 
successful practice of this invention is oxygen 
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gas (in admixture with the inert environmental 
gas) at levels of 1 to 6 volume percent of the 
inert gas stream or atmosphere. 
For conversion of most of die metallic anti- 
5 mony to the oxidized state, generally the 
oxidizing conditions set out above should 
be maintained until the desired result is 
accomplished; this is generally for at least 
10 minutes, and preferably for at least 20 

10 minutes, and up to 120 minutes or more, 
depending on several factors. Generally, the 
rate of the desired oxidation increases with 
increasmg temperatures, and it is usually de- 
sirable to stop the oxidation, preferably by 

15 reducing the amount of oxygen in the gas 
stream environment to below 1 volume per- 
cent, fairfy quickly after the desked amount 
of oxidation (of metallic antimony) has been 
accomplished. This can readity oe accom- 

20 plished by simply purgmg the system with 
large volumes of inert gas, or by chemically 
removing the oxygen from the environmental 
gas stream, or by any of a number of other 
means known to the ordinary skilled diemist, 

25 The main reason for limiting the amount of 
time the oxidizing conditions are maintained 
in these processes is to prevent or minimize 
deterioration of the polyester, itself (i.e., to 
thereby prevent the development of discolour- 

30 ation caused by oxidation in the end product 
superpolyester). 

The basic polyesterification processes to 
which this invention relates are weU known 
to those in the art and for this reason need 

35 not be extensively detailed here. The processes 
entail, for example, the use of a total poly- 
esterification catalyst concentration of from 
10 to 3000 parts per million, based on the 
weight of the reactants, although the usual 

40 range is from 20 to 1000 parts per million, 
and preferably from 50 to 500 parts per 
million. Of tiiis, the total antimony poly- 
esterification catalyst concentration at the 
beginnmg of the polyesterification reaction is 

45 generally from 50 to 500 ppm. based on the 
weight of antimony metal, and preferably with- 
in the range of from 100 to 250 ppm. 

The polyethylene terephthahte prepared 
according to the invention has a number aver- 

50 age molecular weight of 15,000 to 100,000 
and an intrinsic viscosity in a mixture of 60% 
phenol and 40% tetrachloroethane at 25^C of 
at least 0.50 and melting at from 180° to 
350°C, and preferably having been prepared 

55 as follows: 

(1) Heating from 1 to 3.5 mole propor- 
tions of ethylene glycol with one mole pro- 
portion of dimethyl terephthalate under con- 
ditions such that at first there is removed 

60 substantially all of the methanol correspond- 
ing to the ester and subsequent thereto there 
is removed most of the excess of ethylene 
glycol whereby an intermediate potyester pre- 
polymer having an intrinsic viscosity of from 

65 0.2 to 0.5 is obtained. 


(2) Comminuting said " prepolymer '* to 
form sohd particles having an average particle 
diameter below 600 miaons and then 

(3) In an enclosed polymerizing zone 
wherein at least 5 percent of the volume is 70 
occupied by said particles, heating to at least 
150^C but below the melting point of the 
prepolymer (between 160 and 210^0) in the 
presence of a solid phase polyester polymer- 
ization catalyst and an inert gas at atmo- 75 
spheric pressure which flows Arough said zone 

at from 0.01 to 1000 ml. of inert gas per 
minute per gram of said particles, any of the 
particles more than 5mm. from the surface 
being agitated into contact witji said mert gas, 80 
whereby a substantially colourless superpoly- 
ester having an intrinsic viscosity of at least 
0.5 and generally greater than 0.6 is obtained 
within ten hours or less of commencing said 
heating in the polymerization zone, the in- 85 
trinsic viscosity being at least 0.3 unit greater 
than for the prepolymer and usually 0.4 or 
more units greater. 

The detailed aspects of the described pro- 
cess will be readity apparent to those having 90 
ordinary skill in this art since lie preparation 
of polyesters such as poly(ethylene terephthal- 
ate) which are fibre and fihn forming has 
now been understood by such persons for a 
good number of years and the literature is 95 
quite extensive in regard to this subject mat- 
ter. Such processes are described in Speci- 
fication No. 1,041,853. 

The inert gas which can be employed in 
accordance with the process of this inv^tion 100 
can be any of those which are ordinarily em- 
ployed in the handling of polyesters in accord- 
ance with the prior art. Sudi inert gases in- 
chide nitrogen, carbon dioxide, hydrogen, 
helium, propane, mixtures of such gases and 105 
other related gases. 

Phase 1 as set forth hereinabove can be 
conducted as a smgle operation or can be 
divided into two separate steps. In the latter 
case it is sometimes preferable to perform 110 
the initial ester interchange between the 
ethylene glycol and the dunethyl terephthalate 
components in a batch reactor or in a colunm 
equipped with plates. Of comse other appa- 
ratus can also be employed. The reactor or 115 
column is preferably equipped with a reflux 
device such as a packed column which re- 
turns to the reaaion zone any of the glycol 
which might otherwise be lost during the ester 
interchange step. The methanol (originally 120 
part of the dimethyl terephthalate ester start- 
ing material) is removed from the ester inter- 
change zone. The second step of this first 
phase can tiien be accomplished preferably 
by heating the ester mterchange product m a 125 
batch reactor or some other suitable reaction 
vessel so as to remove a substantial propor- 
tion of the ethylene glycol in excess of that 
requked to form the polyester. This step is 
normally accomplished under reduced prcs- 130 
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During this step, "prcpolymcr is usually ^^^^^^^^^^^ flow rate wiU obviously 

^^fsecond phase of the described process, be cconomicaUy wasteful since it wiU req^ 

oiiS c«S riowk whereby it can be most effective polymensauon temperature de- 

M nSuMuifii to pb>!« of Ihe geneifc tistog this aspect of Ae prjx "»W 

SfeL-^ as to Samite PtasphimS a taizomal ot votical glass or metal tube at 

» ^^irage^si^acco-Jplishing ^^^<-^:t^<^ 

of die oarticles of prepolymer to be used as merisation temperature, die rate of flow oi 

it fo^thtopSs?2fSS be accomplished the inert gas over die b«l of prepoj^a, 

« bv comactir^e pSdes widi an organic the diickness of the bed of prepolyme^ and 

jL?5e uSS airSSmd which is all^d the diameter of the reaction wbe or bed. 

« p^eaSe parSes for a period of time The panicle 

suffident to per^ait a high order of crystal- ground to from 40 jmd 70 m^, U^,. Sm 

Sn to b? achieved. The particles con- dard sieves, for the '^^^^J'^^^^l 

40 Sne ti?e volatUe organic liqdd can dien nique used m phase 3;^although latgtt 

« an adequate tLperature to smaller particles may be employed wiAin 

• £T?ec£rrb^^ Ses^^Sdtrd^^thVsps: 

stSieJfecTtrS;^^^^^^^ SS?;S«'Sla„KS 

^ *S ?repSif t^rS paS of pre- ^s'about lO'I or mofe) is.und^^^^^^ 

poLrrrgeT^Uy preferred to employ 'since such particles and. to be picked up b^ 

rSSvmei which d(^ not have an intrinsic the moving gas and carried away, f^^^h 

ySS^m ISer ±an 0.4-0.45. however, *\average paradeaze (i^ter) 

6A T-S soSd phase operation is conducted in of die prepolsmer is bdow 600 t>^^ 

^ an SdS Wymerising zone wherein at One way for accompbshingtfK fwvwte 

Sst^vrA Si of die^olume is occupied buildup is to conduct the PoU^'.^nsaU^ m 

- Bi^i^Lt^s£-.^ -dSrcoSfidS^id^^^^^ 

for ^te ine^ eas passing over die surface suspend and agitate parades widi hot mert 
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Another device is to use a somewhat tiked 
hollow reaction tube which may have a cor- 
rugated cross section and which can be 
rotated around its longitudinal axis. Prepoly- 

5 mer powder can be introduced into the higher 
end of ihe tube and inert gas passed through 
the tube, preferably through the opposite end. 
The tube can be designed so that the par- 
ticles of prepolymer will remain within the 

10 tube for a desired period of time while the 
tube is being rotated. The particles then move 
downwardly according to the degree of slope 
of the tube. By using such a rotating tube 
apparatus the particles of "built up" poly- 

15 nier have a substantially uniform intrinsic 
viscosity and are quite advantageously em- 
ployed for products where a relatively nanow 
range of molecular weights is desirable, such 
as b the manufacture of photographic film 

20 base or fibres. 

The temperature at which the polymer- 
isation during the powder buildup is con- 
ducted should not be so high as to cause 
nonrfrangible agglomeration of the particles 

25 during the solid phase polymerisation. The 
maximum temperature which can be employed 
will be determined by the precise conditions 
employed. By the " avoidance of nonfrangible 
agglomeration it is meant that the material 

30 should not fuse together completley, but 
should remain in a form such that it is 
quite frangible and can readily be broken 
up after the polymerisation has been com- 
pleted. As has akeady been pointed out, die 

35 desired agitation during " phase 3 " can be 
accomplished by means of the inert gas (which 
can be heated) being passed through the par- 
ticles of the solid polymer as in the case 
of fluidisation. Agitation can also be accom- 

40 plished bv stirring the particles in an enclosed 
polymerising zone or by other means such 
as when the previously described rotating tube 
is used. Agitation is especially important if 
the depth of the polymer bed is 5 mm, or 

45 more. A static bed can be used when the 
depth of polymer is less than 5 mm.; prefer- 
ably no more than 3 mm. Of course static 
beds having depths greater than 5 mm. could 
be used with some adverse effects upon the 

50 results achieved. 

When a " bed " of prepolymer is employed 
in a substantially horizontal (rotatable) tube, 
the thickness of the bed can be between 1 
percent and 25 percent of the diameter of 

55 the reaction tube. Such a bed can be estab- 
lished within the larger sizes of reaction tubes 
by placing it upon a substantially horizontal 
and flat supporting surface across the lower 
half of the tube. Such a bed would then con- 

60 stitute at least 5 percent of the volume of 
the polymerising zone above the supporting 
surface. The maximum volume of the bed in 
the zone in such a case would be limited by 
the practical problems associated with the fioMV 

65 of mert gas over the bed. 


In cases where the polymerising zone in- 
volves apparatus which fluidises the particles, 
it is possible for the fluidized material to 
occupy a fairly major proportion of the total 
polymerising zone. The same would be true 70 
when other devices are being used for agitat- 
ing the prepolymer particles and passing the 
inert gas through the agitated mass. In such 
cases, much of the volume of the polymer- 
isation zone is filled with the gas used to 75 
fluidise the particles and such gas occupies 
the interstices between the particles. 

It is obvious that there are numerous vari- 
ations of the process of this invention among 
which would be the employment of mixtures 80 
of prepolymer partides using diiferent prepoly- 
mers. 

The practice of this invention provides a 
rapid, rfScient process for obtaining colour- 
less fibres and fihn forming polyesters having 85 
exceptionally high molecular weights by 
simpk economical means. The process of this 
invention is well adapted to continuous opera- 
tion. 

This invention can be further illustrated 90 
by the following examples, although it will 
be understood that these examples are merely 
illustrative, and are not intended to limit the 
scope of the invention unless otherwise specific- 
ally indicated. In the following examples, all 95 
parts given are by weight unless otherwise 
specified. 

The following Preparation I illustrates one 
of the conventional procedures for manufactur- 
ing poly(etiiylene terephthalate) prepolymer in 100 
which the formation of troublesome metallic 
antimony is evident. 

Preparation I 
Into a conventional stainless steel reaction 
vessel fitted with a stirrer and a condenser^ 105 
collector system (to collect methanol from 
vapours evolved during the ester interchange) 
are charged 100,000 parts of molten di- 
methyl terephthalate, 65,000 parts of ethylene 
glycol, 465 parts of zinc acetate and 695 110 
parts of antimony trioxide. The zinc and 
antimony compounds are poly-esterification 
catalysts. The resulting mixture (initially at a 
temperature of 150<='C.) is heated gradually, 
over a period of four hours, to a temperature 115 
of 255 °C. During this time, evolved methanol 
is continually withdrawn from the reaction 
zone. When the temperature has reached 
255**C., removal of ethylene glycol, via distil- 
lation under reduced pressure is begun. After 120 
25,000 parts of ethylene glycol have been 
removed [leaving relatively pure low mole- 
cular weight poly(ethylene terephthalate)], 
then the temperature of the reaction mass 
is increased gradually (over about 1 hour) 125 
to 275^C. Thereafter, this temperature is 
maintained while the pressure in the reactor 
is gradually reduced to about 2mm-Hg. This 
low pressure is iiiaintained^ then, for an addl- 
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tional hour, until the intrinsic viscosity 
(measured in 60% phcnol+40% tetrachloro- 
ethane at 25^C.) of the resulting product 
(generally referred to as a " prepolymer ") is 

5 0.35. During this time, ethylene gtycol is 
continually withdrawn (via distillation) from 
the reaction mass and the temperature of the 
mass remains 275^C. Then the reaction system 
is brou^t quickly to atmospheric pressure 

10 (with nitrogen), and 100 parts of trioctyl phos- 
phite, a reducing stabiliser, are blended mto 
the product. The purpose of the phosphite is 
to stabilize the final polyester product against 
colour degradation (due to oxidation) and 

15 also to control aldehydic contaminants in the 
final polyester product. The molten prepoly- 
mer is then quickly poured on a mo\dng belt 
and cooled (over a period of about 2 minutes) 
to a temperature of 120<>C At this point the 

20 prepolymer is solid and largely crystalline and 
has developed a gray cast or colour (due to 
the presence of metallic antimony). This mat- 
erial is then ground in a conventional hammer 
mill into a fine powder (passing 40 mesh but 

25 not passing 200 mesh, U.S. Standard). This 
material is suitable for conversion into the 
final superpoly(ethvlene terephthalate) product 
via a procedure detailed as Phase 3, above. 
The resulting product, however, causes plug- 

5^ ging of fine screens fused to clean up the 
product, for example, before extruding it mto 
fine fibre or films); yielding a grayish product 
with a high particulate count unless the metal- 
lic antimony is removed therefrom somehow. 

35 Preparation 11, below, illustrates the pre- 
ferred conventional procedure for converting 
prepolymer to final super-pohrester product 
via heating the prepolviner while it is sus- 
pended pn a " fluidized bed ») in a stream of 

40 hot inert gas. 

Preparation n 
One hundred thousand parts of the^ ground 
orepolymer prepared as desaibed in Pre- 
paration I above, are placed into a conven- 

45 tional stainless steel fluidismg reactor fitted 
with means for (a) maintaining fluidised pre- 
polymer in the reactor, (b) recurulating and 
heating: inert gas, which serves both as the 
fluidizing medium and a heat transfer medium 

50 for wanning the prepolymer, (c) absorbing 
ethylene glycol and aldehydic compounds 
(evolved from prepolymer durmg tiie continued 
polyesterification reaction) and (d) maintain- 
ing a slight positive pressure of inert gas 

55 in the reactor system (to exclude air), because 
of 4e potential explosive and colour pro- 


blems described hereinbefore. The prepolymer 
is fluidized with hot nitrogen, initially at a 
tcmpaaturc of 160«>a Over a period of about 
5 hours the temperature of the fluidized pow- ^ 
der is gradually raised to 215^0, where it 
is maintained for an additional 5 hours until 
die produa has attained an intrinsic viscosity 
of about 0.65. At this point, the reaction 
has been completed and the powdered super- w 
polyester (still grey in colour) is cooled and 
stored (under nitrogen) for use in any of a 
number of end uses, mduding fibre or fihn 

proAictwn^^^^ procedures illustrated in Pre- 70 
parations I and 11, above, demonstrate how 
and why the present invention is so surprising. 
Thus, heretofore, in superpolyester processes 
involving solid state (powdered prepolymer) 
polyesterification reactions, it was believed 75 
necessary to exclude oxygen or oxidising 
agents from the reaction zone (because of the 
potential safety and colour problems about 
which manufacturers were worried), where it . 
was believed that even a Uttle oxygen might 
be harmful to product colour. Whatever 
amounts of oxygen that were present in such 
systems heretofore were generally extrenaelv 
small, and processors had heretofore continu- 
ally strived to exclude oxygen from the re- 
action systems. 

Examples I to V 
Samples of data for the following table 
result from using a prepolymer prepared as 
in Preparation I above having an intrmsic vu 
viscosity of 0.35. For each of the examples 
in this series of tests, 1000 parts of grey pre- 
polymer (initially containing about 500 ppm 
of antimony, enough of it reduced as metallic • 
antimony to give a grey polyester) are ooured » 
into a small fluidizer whidi is equipped, on a 
smaller scale, iust as the fluidizer described 
in Preparation above, in order to simulate 
the larger commercial scale process. The 
initial temperature of the essentially nitrogen 
gas atmosphere is 220«C. The temperature 
of the polyester is graduallv raised to 215°C. 
« Time " in Table 1 is in terms of mmutes 
after the beginning of the heating. After eight 
hours the polyesterification process is com- lUD 
plete and the polymer has an intrinsic vis- 
cosity 0.65, Each additive " is added into 
the gas stream in these examples, and the 
"amount" is in terms of weight percent 
volatilized additive in die total "inert" gas 
atmosphere. 
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Tabu I 

Tteatment of Gxey Prepolyaaer in Nitrogen Gas Atmosphere 
Exaaq>le Additive Used Amount Levd" Time °C 


Remade 


I 

acetaldefayde 

0.1 

3 

30 

204 

white 

n 

ethylene glycol 

0.18 

I 

105 

218 

white 

III 

ethylene glycol 

0.2 

2 

55 

205 

white 

IV 

ethylene glycol 

0.8 

1 

105 

218 

white 

V 

ethylene glycol 

16 

1 

25 

175 

white 
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It should be noted at this point that under 
certain circumstances the polyesterification re- 
action itself can serve as the source of the 
etiiylene glycol "oxidizable material" to 
accomplish the necessary oxidation of this in- 
vention. Under these circumstances, special 
efforts should be made to retain these mat- 
erials in the reaction system for a time suflS- 
cient to result in the desired reaction (in the 
presence of sufficient oxidising agent of 
course). 


20 
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WHAT WE CLAIM IS: — 
1. A process for the manufacture of linear 
15 polyethylene terephthalate comprising: 

(1) reacting together in a melt phase ethyl- 
ene glycol and dimethyl terephthalate, 
in the presence of an antimony catalyst 
and a zinc salt, to form a molten pre- 
polymer haviiig an intrinsic viscosity 
from 0.2 to 0.5; 

(2) adding a reducing stabilizer to the 
molten prepolymer and thereafter cool- 
ing the mohen prepolymer to solidify 
it; 

(3) grinding the solidified prepolymer to 
form a particulate solid having a par- 
ticle size less than 600 microns; 

30 (4) in a solid phase polymerization step, 
mcreasmg the intrinsic viscosity of the 


polyester by heating the particulate 
solid prepolymer at a temperature 
greater than 150°C but below its melt- 
ing point in the presence of an mert 1 
gas atmosphere until the intrinsic vis- 
vosity of the j^olyester is greater than 
0.5, characterised in that, the inert 
gas atmosphere contains at least 0.005 
weight percent of one of the oxidizable ^ 
materials, ammonia, acetaldehyde or 
ethylene glycol, and from one to six 
volume percent of oxygen for at least 
ten minutes and until aU of the metallic 
antimony present is converted to an ^ 
oxidized state. 

2. The process as claimed in claim 1 
wherein the reducing stabilizer is phosphorous 
acid, a monoalkyl phosphite, a diaJkyl phos- 
phite or a trialkyl phosphite, 5 

3. The process as claimed in any of the 
preceding claims wherein the inert gas atmo- 
sphere is predominantly nitrogen. 

4. Processes of manufacturing linear super- 
polyesters as claimed in claim 1 as herein 5 
described. 

5. Linear superpolyesters whenever made 
by the method of any of the claims 1 to 4. 
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